Introduction
Leptospirosis is a zoonotic disease of public health importance worldwide, especially in developing and tropical countries. It is caused by pathogenic bacterial species of the genus Leptospira, and although it was initially considered an occupational disease associated with rural environments, it is now a reemerging disease in both urban and rural contexts 1, 2, 3, 4 . Given that leptospirosis affects both people's health and subsistence and that lack of health and research resources exist, it is regarded as a neglected infectious disease that perpetuates poverty 5 .
The epidemiology of leptospirosis is complex given the wide number of determinants for human infection in different areas 6 . Risk factors for leptospirosis are usually linked to Leptospira survival and persistence in water and moist soil contaminated with animal reservoirs' urine 7 . Occupational exposure, high seasonal rainfall, flooding, poor sanitation, inadequate solid waste accumulation, barefoot walking, contact with domestic and wild animals, rat infestations, and even water sports are among the most important determinants in the transmission dynamics of leptospirosis 2, 5, 6, 8 .
In Colombia, several regions have socioeconomic and climatic conditions that favor Leptospira transmission; however, few local studies have addressed both Leptospira seroprevalence and risk factors in urban populations in the country 9, 10 . Statistics from the Colombian National Public Health Surveillance System (SIVIGILA) showed that 135 (16%) of 853 confirmed cases of leptospirosis during 2014 occurred in the Valle del Cauca Department, ranking it second after Antioquia Department (data from SIVIGILA, available at http://www.ins.gov.co, accessed on 10/Jul/2015). In 2006, one study determined by microagglutination test (MAT) a 23.3% Leptospira seroprevalence in 259 inhabitants from three urban neighborhoods of Cali, Valle del Cauca 9 . Another study of 150 patients with clinical suspicion of leptospirosis between 2003 and 2006 in the Valle del Cauca reported 20.6% confirmed cases (titer ≥ 1:800) and determined eight different serogroups circulating in the region as the main ones 11 .
Of the 22 urban districts of Cali, Districts 18 and 20, historically considered "hot spots", accounted for 25.2% and 10.4% of leptospirosis cases in 2012, respectively (data from the Epidemiological Bulletin of the Vector-Borne Diseases and Zoonoses Group, Secretaría de Salud Pública Municipal, Cali, available at http://www.cali.gov.co, accessed on 10/Jul/2015) but Leptospira seroprevalence and the local risk factors for infection have not been assessed through epidemiological studies. As local studies are needed to understand the transmission dynamics of leptospirosis in specific populations 6 , we performed a seroepidemiological study aimed at determining seroprevalence and factors associated with Leptospira infection in the urban District 18 of Cali, Colombia.
Materials and methods

Study area
Cali is the third largest city in Colombia, with 2.3 million inhabitants, and is located in the southwestern region of the country (Figure 1 ) as the capital of the Valle del Cauca Department. Cali lies at 1,070m above sea level and has an average temperature of 24.7°C (76.5°F) and an average annual rainfall of 1,019mm. District 18, one of the 22 urban divisions or communes of the city, has 542.9ha, or 4.5% of the entire urban area, and consists of 20 neighborhoods and sectors which are distributed in approximately 595 blocks. One of these sectors is non-residential and comprises the military brigade in Cali.
The socioeconomic stratification system in Colombia divides all cities' residential neighborhoods and sectors into six socioeconomic strata, ranging from 1 (SES-1; the lowest income areas) to 6 (SES-6; the highest income areas). This government classification system is based on physical characteristics of the households (e.g., type of construction, building materials of the façade and main door, presence of front yard and garage), and the surrounding environment (e.g., presence of sidewalks, type of streets and roads, presence of environmental contamination sources), and is used to bill for public utilities and facilitate the distribution of subsidy programs (data from the Colombian National Administrative Department of Statistics (DANE), available at http://www.dane.gov. co/index.php/estratificacion-socioeconomica/generalidades, accessed on 05/Oct/2015). Of the 19 residential neighborhoods and sectors of District 18, 11 belong to SES-3 (medium-low), 4 to SES-2 (low), and 4 to SES-1 (low-low) (Figure 1 ). Most SES-1 and several SES-2 areas of District 18 are urban slums and have environmental conditions that favor Leptospira transmission. District 18 has been reported as the urban city administrative division with the majority of suspected human cases of leptospirosis, especially in the neighborhoods Meléndez and Los Chorros which have historically been considered notification "hot spots" (data from the Epidemiological Bulletin of the Vector-Borne Diseases and Zoonoses Group, Secretaría de Salud Pública Municipal, Cali, available at http://www. cali.gov.co, accessed on 10/Jul/2015).
Study design and population
A cross-sectional study was conducted from November 2013 to March 2014 in residents of District 18 of Cali, Colombia. People of either sex, 5 years and older, and living in houses other than residential units and apartments were eligible to enter the study. Written informed consent was obtained from all participants before entering the study. Children 8 to 17 years of age were asked to read and sign an informed assent form, besides the consent form signed by parents or guardians. The study was approved by the Institutional Review Board, Universidad del Valle. 9 , 95% confidence interval (95%CI), and 7% precision. Sample size was increased to 360 persons to account for non-response. Multistage cluster sampling was conducted using a list of all the blocks in District 18, from which 30 blocks (primary sampling unit) were randomly selected through a systematic sampling method. Twelve houses (second sampling unit) were selected in each selected block using computer-generated random numbers. All selected houses were visited by one of six trained field technicians, supervised by one of two supervisors. In each house, the number of homes (home defined as the group of people living in the same house and eating meals together) was recorded, and one home (third sampling unit) was randomly selected using colored cardboards. The field technicians then asked the date of birth of all individuals in the selected home that met inclusion criteria in order to complete a table on a written form and determine the closest date of birth to the date of the visit; this subject (fourth sampling unit) was selected to enter the study. If the eligible person was absent, a second visit was performed. When a person declined to participate, the supervisors carried out random replacement of a non-response house with another house on the same block until a participant was included. During fieldwork, two more blocks were added to the sampling for a total of 32 blocks, because some blocks showed very low response rates.
Procedures
Sociodemographic and environmental data were obtained from participants through in-home interviewer-administered written questionnaires. A 5mL blood sample was drawn by antecubital venipuncture into a non-anticoagulant tube. All blood samples were allowed to clot for 30 minutes at room temperature and were then transported in a box cooler with ice packs to the Leptospirosis Laboratory of the Department of Microbiology, Universidad del Valle.
In the laboratory, the clotted blood samples were centrifuged at 3,500 x g for 10 minutes at 25°C to separate the sera, which were then stored at -20°C until performing the serological tests. MAT was done to determine the presence of anti-Leptospira antibodies in the study participants. MAT was performed following standard procedures 12 using available serogroups provided by the WHO/FAO Collaborating Centre for Reference and Research on Leptospirosis of the Royal Tropical Institute in Amsterdam, the Netherlands. We tested a panel with 8 serovars representing the following eight serogroups of pathogenic Leptospira previously found to be circulating in the Valle del Cauca 11 : Australis (serovar Bratislava), Autumnalis (serovar Autumnalis), Bataviae (serovar Bataviae), Canicola (serovar Canicola), Cynopteri (serovar Cynopteri), Icterohaemorrhagiae (serovar Copenhageni), Mini (serovar Mini), and Shermani (serovar Shermani). L. biflexa serogroup Semaranga (serovar Patoc) was the non-pathogenic reference strain for controls. Serial serum dilutions were performed with phosphate-buffered saline (PBS, pH 7.2) from 1:20 to 1:1,280. Tests were interpreted as positive when agglutination at ≥ 1:100 dilution of at least 50% of leptospiras for any serovar was observed through a dark-field microscope with the 10x objective; this cut-off was chosen based on previous serosurveys performed in Colombia 10, 13, 14, 15, 16, 17 . Since the methodology used in our laboratory started MAT dilutions at 1:20, serum titers at 1:80 were reassessed under traditional dilutions to determine whether they reached 1:100. In positive sera, the presumptive infecting serovar was considered as the pathogenic serovar with the highest agglutination titer. Coagglutinations were regarded as the cases in which a serum reacted to two or more serovars at the same titer 14, 15 .
Statistical analysis
Data were double-entered into EpiInfo 6.04 (Centers for Disease Control and Prevention, Atlanta, USA). commands were used to derive statistics. All calculations were thus adjusted for sampling design effect and weighted for sampling probabilities. Relative frequencies and percentages were calculated for qualitative variables, while measures of central tendency and dispersion were used for quantitative variables. Chi-square (χ 2 ) test was used to compare categorical variables between Leptospira-seropositive and seronegative participants, and Student's t test was used to analyze age. We also used svy commands to obtain estimates for the odds ratios (OR) with their 95% confidence interval (95%CI). P-values < 0.05 were considered statistically significant. We identified independent factors associated with Leptospira seroprevalence in a multivariate logistic regression model using a backward stepwise approach. Sociodemographic and environmental variables with p-value < 0.2 in univariate analysis were placed all at once into the full model and removed sequentially if corresponding p-value of the adjusted Wald test exceeded 0.05. Factors that were significantly and independently associated with the outcome were retained in the final model.
Results
A total of 353 participants were included in the study. Two serum samples were unsuitable for serological testing and were not included in seroprevalence calculation. Most participants were female (226, 64.8%), with a mean age of 41.4 years ( 18 .5% reported greater than a high school diploma. The most frequent occupation was housewife (39.6%), followed by student (17.1%).
Regarding environmental data, we found that almost everyone (99.7%) used water from the public aqueduct system for bathing. The majority of participants (347, 98.8%) had access to a toilet. A total of 339 (96.1%) of all participants reported no house flooding in the previous month, and 182 (53.9%) reported walking barefoot. Of all the participants, 57 (17.8%) had contact with water sources other than the aqueduct in the previous month, such as swimming pools (46.3%) or rivers, lakes, and ponds (53.7%). Dog ownership was reported by 162 participants (43.9%). Observation of rodents in the house was reported by 205 participants (64.6%). Only 14 participants (3.6%) reported swimming. Some 12% of participants reported skin and mucous-membrane lesions in the previous month.
MAT was positive in 44 of 351 participants (seroprevalence 12.2%, 95%CI: 10.3%-14.4%). The highest Leptospira seroprevalence rates were 26.5% in Los Farallones, 20.3% in Alto Nápoles, 18.3% in Prados del Sur, and 16.9% in Sector Alto Jordán. Leptospira seroprevalence was 0% in Alférez Real and Buenos Aires. Individual seroprevalence rates for SES-1, SES-2, and SES-3 were 19%, 11.7% and 7.1%, respectively. Among all participants, the lowest seroprevalence was observed in the 15-to-44-year group (10.4%), and the highest in the ≥ 65-year group (18.9%). Seroprevalence in children (5-to-14 years old) was 16.4%. We found seroreactivity for 7 of the 8 serogroups tested; there was no seroreactivity to serogroup Autumnalis. Twenty-seven (61.4%) of the seropositive participants reacted to serogroup Australis ( Table 2 ). The rest reacted to any of the other six serogroups. There were only two coagglutinations (4.5%), both caused by serogroups Canicola and Icterohaemorrhagiae, one at 1:160 and the other at 1:1,280. The participant with the 1:1,280 coagglutination and two others with 1:640 titers for serogroup Australis had the highest titers among all participants with positive MAT, but all were asymptomatic.
All sociodemographic and environmental variables were compared to the seroprevalence to find significant associations (Table 1) History of house flooding in the previous month, observation of rodents in the house, and swimming were not associated with Leptospira infection. We initially found that contact with water sources other than the aqueduct in the previous month (OR = 0.44; 95%CI: 0.25-0.78; p = 0.006) and dog ownership (OR = 0.51; 95%CI: 0.35-0.74; p = 0.001) were associated with lower prevalence of Leptospira infection, but these variables were dropped from further analysis in the multivariate model due to lack of significance. The presence of skin and mucousmembrane lesions in the previous month was also inversely associated with Leptospira infection (OR = 0.10; 95%CI: 0.03-0.28; p < 0.001).
In the final multivariate model, factors independently associated with higher Leptospira seroprevalence included older age, female sex, ethnic group (whites/mestizos and Afro-Colombians), SES-1, occupation (school student, health professional), absence of a toilet, barefoot walking, travel outside Cali in the previous month, and absence of skin and mucous-membrane lesions in the previous month (Table 3 ). Single marital status and being unemployed or retired were independent factors associated with lower seroprevalence of Leptospira infection.
Discussion
This seroepidemiological survey aimed to determine Leptospira seroprevalence and associated factors in the general population of District 18 of Cali. We found an overall seroprevalence of 12.2% (95%CI: 10.3%-14.4%) among 351 participants from 14 neighborhoods and sectors of District 18. The highest seroprevalence (19%) was reported for people living in SES-1, suggesting an endemic leptospirosis pattern in that zone. The older age group showed the highest Leptospira seroprevalence (18.9%), as described in previous studies, likely due to longer lifetime exposure 9, 18, 19, 20 .
Leptospira seroprevalence in the Colombian general population has been estimated between 6% and 67.9% 9, 10, 13, 14, 21, 22 . Occupational risk groups such as farmers, ranchers, garbage collectors, veterinarians, zoo workers, and slaughterhouse workers, have been screened for agglutinating antibodies against Leptospira, and seroprevalence rates in these specific populations range from 9.8% to 75.8% 15, 17, 23, 24, 25, 26, 27, 28 .
The only other seroepidemiological study in the general population in Cali, by Ferro et al. 9 , reported 23.3% seroprevalence in three urban neighborhoods of other districts of Cali; two neighborhoods were SES-2 and one was SES-1. However, this seroprevalence was probably overestimated, since the MAT cut-off was lower (≥ 1:50) than in our study and also because the authors included the non-pathogenic serogroup Semaranga in the seroepidemiological analysis.
We found that serogroup Australis was the most frequent (61.4%), with dilutions from 1:100 to 1:640. In Colombia, Australis has been reported as the most common serogroup (24.9%) according to a recent national surveillance study of leptospirosis in 2007-2011 4 . Ferro et al. 9 and Astudillo Hernández et al. 11 also found serogroup Australis circulating in the Valle del Cauca, but serogroups Grippotyphosa and Icterohaemorrhagiae accounted for the greater seroreactivity in the first of these studies, while Icterohaemorrhagiae and Mini were the most common serogroups in the second. Although cross-reactions between serogroups have been shown to occur 29 , identification of serogroups by MAT is useful as some hypotheses could be derived for understanding the epidemiology of leptospirosis, namely the likely source of infection and the potential reservoir and its location 8, 12 . Prevalence of particular serovars greatly depends on the exposure to specific domestic and wild mammals, and the environmental conditions for Leptospira persistence in contaminated water and moist soil 2, 8 . Reservoirs of serogroup Australis are pigs, horses, hedgehogs, dogs, cattle, sheep, goats, and donkeys 16, 30, 31, 32, 33, 34, 35 ; rodents do not seem to be important reservoirs for this serogroup. Therefore, findings for Australis and other serogroups reported in this study could be related to the presence of several reservoir animals not assessed in the study.
The Canicola-Icterohaemorrhagiae coagglutinations are likely explained because of the presence of several common leptospiral antigens or history of contact with different serovars 8 . Of all participants, three subjects (6.8%) were found with high Leptospira agglutination titers, i.e., two with 1:640 and one with 1:1,280, but all were asymptomatic. The fact that infection is asymptomatic even at such high Leptospira titers is probably the consequence of the endemicity. It has been recognized in many tropical countries that higher cut-off titers, even as high as ≥ 1:1,600, are necessary for defining confirmed leptospirosis in single titer results, instead of the U.S. Centers for Disease Control and Prevention (CDC) titer of ≥ 1:800 8 .
The vast majority of the studied population had access to public running water, and house flooding history in the previous month was only recorded in 4% of participants. These findings are likely explained by the study sampling and large improvement of the public services in recent years in some areas of District 18, but there are several SES-1 areas without access to public services or with flooding areas. Many studies on leptospirosis patients have widely documented that the disease is particularly prevalent in communities with inadequate sanitation 3, 16, 20, 36, 37, 38, 39 .
There were statistically significant and plausible associations with the presence of leptospiral antibodies. After multivariate adjustment, older age was associated with higher Leptospira seroprevalence (aOR = 1.03 per one-year increase; 95%CI: 1.01-1.05; p = 0.001), and women showed higher Leptospira seroprevalence than men (aOR = 2.16; 95%CI: 1.12-4.16; p = 0.02). As female sex was found to be directly associated with Leptospira infection, thus perhaps domestic factors play a major role in disease transmission more than rural occupational factors which are usually attributable to men. However, of note, we could have selected more females than males given the design of our study. Unlike our study, predominance of seroprevalence in men over women has been reported in several seroepidemiological studies in Colombia and elsewhere 7, 9, 10, 18, 19, 21, 40, 41 , and most of the laboratoryconfirmed clinical cases of leptospirosis have been reported to occur in men 4, 11, 42, 43, 44, 45, 46, 47 . Single marital status was associated with lower odds of Leptospira seropositivity (aOR = 0.28; 95%CI: 0.12-0.69; p = 0.007). One possible explanation for this finding could be that single persons are more prone to engage in occupational or leisure-time activities or even have social drivers that are riskier for Leptospira infection. When compared to indigenous people, both Afro-Colombians and whitemestizos were associated with higher prevalence of infection. In a study from Urabá, Antioquia, the same ethnic groups were compared, but no significant difference was found 10 . In contrast, black race was reported as an independent risk factor for infection in a Leptospira survey performed in slum residents from Salvador, Brazil 39 . Ethnicity could be an indicator of health inequalities. Participants from SES-1 had significantly higher Leptospira seroprevalence (aOR = 4.08; 95%CI: 2.54-6.53; p < 0.001). The Colombian socioeconomic stratification system reflects the living conditions of the inhabitants. Several SES-1 areas of District 18 present open sewers, temporary accumulation of garbage piles, unpaved streets, and rainwater puddles; all of which are environmental conditions that increase proliferation of rodents and wandering of stray animals, and could ultimately explain a higher risk for Leptospira infection. Although the socioeconomic stratification systems (if available or existing) could vary among countries, leptospirosis-endemic urban areas are characterized by environmental conditions as the aforementioned 3, 9, 10, 16, 20, 22, 36, 38, 39 . Being uninsured was directly associated with Leptospira infection, but it was marginally associated after multivariate analysis (aOR = 2.94; 95%CI: 1.01-8.59; p = 0.05), therefore confounding is possible. Students (aOR = 7.07; 95%CI: 3.41-14.64; p < 0.001) and health professionals (aOR = 23.02; 95%CI: 5.17-102.48; p < 0.001) were also directly associated with Leptospira infection. However, the precision of the health profession as a factor associated with infection cannot be properly established because of the wide confidence interval. Student status as a risk factor might indicate Leptospira household transmission rather than other occupational transmissions, although housewives were not associated with Leptospira exposure. As in our study, students and housewives were the main occupations in previous Leptospira seroepidemiological studies performed in the urban population in Colombia; however, student status had not been reported as an occupational risk for Leptospira infection 9, 10 . Interestingly, students and housewives have also been reported as the main occupational groups among the confirmed cases of leptospirosis (1,519 cases, 33%) in Colombia in 2007-2011 4 . Romero-Vivas et al. 16 reported that most of the confirmed Cad. Saúde Pública 2017; 33(5):e00039216 leptospirosis patients in their study were housewives, unemployed men, and ≤ 17-year-old students, suggesting household transmission.
Regarding environmental variables, factors associated with higher odds of Leptospira infection were absence of a toilet (aOR = 4.48; 95%CI: 1.32-15.23; p = 0.02), barefoot walking (aOR = 2.22; 95%CI: 1.44-3.43; p = 0.001), and travel outside Cali in the previous month (aOR = 2.38; 95%CI: 1.49-3.80; p = 0.001). Walking barefoot indoors or outdoors was not significantly associated with the presence of leptospiral antibodies in the study by Ferro et al. 9 , but it has been reported as a risk factor elsewhere 20, 40, 41 . Interestingly, one study from Rural Durango, Mexico found that Leptospira exposure was positively associated with history of domestic travel in the general population 19 . Although no information exists regarding Leptospira infection and history of travel in Colombia, our finding also suggests exposure to unidentified sources other than the domicile. Contact with water sources other than the aqueduct in the previous month and dog ownership were associated with lower risk of Leptospira infection in the univariate analysis, but were removed from the final logistic regression model because of lack of statistical significance. Presence of skin and mucous-membrane lesions in the previous month was associated with lower prevalence of Leptospira infection, even after multivariate adjustment (aOR = 0.06; 95%CI: 0.02-0.17; p < 0.001). One possible explanation could be that persons with skin or mucous-membrane lesions were more careful and avoided walking barefoot or other daily exposures. However, measurement errors regarding risk exposures and residual confounding are a possibility. Conversely, skin cuts and abrasions during flooding have been reported elsewhere as a risk factor 40 .
Our study found no increased prevalence associated with dog ownership or observation of rodents, which have been reported as risk factors for urban leptospirosis in several studies elsewhere 2, 7, 8, 18, 39 . In Cali, Ferro et al. 9 found that contact with domestic animals, namely pigs and rabbits, was the only statistically significant risk factor for the presence of leptospiral antibodies; dogs and rodents were not associated with Leptospira seroprevalence. Only one study has estimated Leptospira seroprevalence in urban-dwelling animals in Cali, reporting MAT agglutination in 41.1% of 197 dogs from 12 districts of Cali with serovars Icterohaemorrhagiae, Hardjo, Grippotyphosa, and Canicola 34 . Since we recorded animal ownership rather than animal observation or exposure, dogs should not be ruled out as possible urban reservoirs in District 18. As serogroup Australis accounted for the majority of positive MAT results, further epidemiological surveys and Leptospira analysis should be considered in mammals including pigs, equines, dogs, and cows.
Some limitations of this study need to be considered. Although the multistage design used for this study helped obtain confident data for the majority of District 18, some "hot-spots" (e.g., Los Chorros) and other very deprived areas (Alto Meléndez-Polvorines and Sector Alto de los Chorros), which are SES-1, were not randomly included and therefore our findings are not representative of the entire district. Further, eight Leptospira serovars representing eight different serogroups were tested based on the findings by Astudillo Hernández et al. 11 in clinically suspected cases from the Valle del Cauca; however, others serogroups, such as Grippotyphosa, Panama, Pomona, Sejroe, Hebdomadis, Ballum, and Pyrogenes have been documented in our city 9 and should be used in MAT panels for further local studies.
We encourage continued epidemiological surveillance as an essential measure for tracking leptospirosis cases and ultimate planning of effective interventions for prevention and control of this zoonosis in District 18 9, 45 . Environmental and sanitary conditions of several areas of District 18, especially SES-1, should be improved, and public health promotion and sanitation policies are needed. Measures for leptospirosis control and prevention implemented in Cali include leptospirosis educational sessions for health care personnel, organized by the Secretaría de Salud Pública Departamental of the Valle del Cauca, capture of stray dogs, and anti-rat campaigns, but unfortunately the first were suspended in 2013. Educational campaigns for residents are critical for increasing awareness of leptospirosis and reducing human exposure to common Leptospira environmental sources. Practitioners in the health network setting should also be familiar with leptospirosis. Control of rodents and stray dogs should be continued even though this study did not show evidence of these animals as risk factors for Leptospira infection; rats and dogs are the main urban reservoirs for Leptospira worldwide, and their feeding and shelters are favored by deprived environmental conditions 2,7 .
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Conclusions
We confirmed the circulation of Leptospira spp. in urban District 18 of Cali, reporting 12.2% overall seroprevalence for 14 of its 19 neighborhoods and sectors. This finding indicates that a substantial proportion of residents of District 18 have been exposed to Leptospira spp. Lower socioeconomic stratum (SES-1) was found to be directly associated with Leptospira infection, suggesting that social and environmental conditions are key elements for endemicity of Leptospira infection in the area. Other important factors directly associated with Leptospira infection were student status and absence of a toilet. Altogether, our results suggest domestic and peridomiciliary transmission of Leptospira, likely related to activities of daily living and inadequate environmental conditions. We recommend epidemiological surveillance of leptospirosis cases, improvement of environmental and sanitary conditions of several SES-1 areas, and community educational campaigns. 
